Reversibility of changes in nucleic acid methylation and gene expression induced in rat liver by severe dietary methyl deficiency.
As we have reported previously, both DNA and tRNA become hypomethylated in livers of rats fed a cancer promoting, methyl-deficient diet (MDD) for as short a period as one week. Within the same period, activities of tRNA and DNA methyltransferases (MTases) increase and levels of mRNAs for several genes believed to have roles in growth regulation are altered. These diet-induced changes in nucleic acid methylation and gene expression increased in extent when MDD was fed continuously for four weeks. We also observed hypomethylation of specific CCGG sites within several genes for which mRNA levels were increased. These included c-myc, c-fos and c-Ha-ras. To investigate the reversibility of such diet-induced alterations in methylation and gene expression, animals were fed MDD for four weeks, after which a diet supplemented with adequate sources of methyl groups (CSD) was fed for 1-3 weeks. One to two weeks after the restoration of an adequate diet, the overall extent of methylation of tRNA and DNA from livers of these rats did not differ from that of tRNA and DNA from livers of age matched animals continually maintained on CSD. At the same time, activities of MTases in the liver dropped to normal values. Levels of mRNAs for all genes studied returned to control levels within three weeks after ending MDD feeding, although at different rates. In contrast, MDD-induced hypomethylation of some HpaII sites in c-myc, c-fos and c-Ha-ras genes persisted after 3 weeks refeeding of an adequate diet. These results, which demonstrate that most of the effects of MDD on the parameters we have studied occur rapidly and are essentially reversible, are consistent with the role of MDDs as promoters of hepatocarcinogenesis. However, the finding that unmethylated sites persist in genes that play a role in growth regulation suggests a mechanism by which intermittent or long term exposure to MDDs could result in heritable phenotypic changes in some hepatocytes that lead to hyperplasia and tumorigenesis.